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1. INTRODUCTION 
The primary goal of the Viking Program is to determine the existence of life 
on Mars. The Pyrolysis-Gas Chromatograph-Mass Spectrometry (GC/MS) experiment 
offers an indirect approach to the question of life existence on Mars. The 
GC/MS identification does not depend on living organisms being present in a 
specific soil sample, but depends on a chemical interpretation of mass spectra 
of specific organic materials as indirect evidence of the existence or previous 
exisence of life. The instrumentation can also serve a dual purpose, for 
example, when the instrumentation is used without the pyrolysis-gas chromato- 
graph sections it can also provide an analysis of the Martian atmosphere. 
This report is concerned with the development of the mass spectrometer for a 
proposed GC/MS life detection system. 
selected for this application is a double focusing sector instrument of the 
Johnson-Nier type. The mass spectrometer system must be constructed with strict 
regard for weight and size limitations and still obtain the required performance. 
The performance goals for the nass spectrometer systems are: 
The mass spectrometer which has been 
a. Ion source sensitivity: 1 x A/torr 
b. Ion source linearity: 
a maximum pressure of 1 x loB4 torr over the design mass range 
linear response of current versus pressure to 
c. Heated ion source temperature: -25OoC 
0 A 90' electrostatic sector, 60 
built by Perkin-Elmer on JPL Contract 952009. 
intended for atmospheric analysis. This final report covers the effort of JPL 
Contract 952424 and concerns the modification of the previous instrument in 
order to improve its performance, reduce its size, and make it more suitable 
for organic analysis. The primary modifications performed were: 
magnetic sector mass spectrometer was previously 
This instrument was primarily 
a. The addition of an ion source heater for heating the ion source to 
25OoC a 
b. The modification of the ion source magnet for increased field strength 
and placement of the anode outside of the ionizing region. 
c. Change in analyzer geometry 
de Electric sector redesign. 
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The heated i o n  source i s  a needed a d d i t i o n  because t h e  c a p a b i l i t y  of monitoring 
organics  is  requi red .  Organics,  i n  genera l ,  have a low vapor p re s su re  and adhere 
r e a d i l y  t o  co ld  su r faces .  Organics adhering t o  t h e  s u r f a c e s  of t h e  i o n  source  
can cause charge up and cause i n s t a b i l i t y  which i s  n o t  des i red .  Heating t h e  i o n  
source t o  25OoC w i l l  p revent  t h i s  problem by reducing t h e  adsorp t ion  of organics  
on the  i o n  source  su r faces .  
I n  t h e  previous ion  source des ign ,  confinement of t h e  e l e c t r o n  w a s  n o t  obtained 
due t o  t h e  weak magnetic f i e l d .  I n  o rde r  t o  avoid excess ive  walking of t h e  
e l e c t r o n  beam, i t  w a s  necessary  t o  opera te  wi th  zero e l e c t r o s t a t i c  g rad ien t  ac ross  
t h e  ion iz ing  region.  This i s  not  compatible wi th  l i n e a r  opera t ion  t o  1 x 10-4 
t o r r .  A new, more e f f e c t i v e  magnet design w a s  requi red  t o  e l imina te  t h i s  d i f -  
f i c u l t y .  The ion  source w a s  modified and t h e  anode w a s  placed o u t s i d e  of t h e  
ion iz ing  reg ion  t o  maintain i t  a t  a lower pressure .  The ob jec t  of t h i s  change 
w a s  t o  reduce the  bui ldup of s u r f a c e  contamination on t h e  anode and thereby 
improve t h e  s t a b i l i t y  of t h e  source.  
The Mass Spectrometer System conf igura t ion  w a s  changed from t h e  s tandard  N i e r  
geometry (90' e lec t r ic  s e c t o r  -60' magnetic s e c t o r )  t o  a 90' e lec t r ic  s e c t o r  
-90' magnetic s e c t o r  system. 
t h e  90'-60' geometry. 
smaller because t h e  t o t a l  i o n  path l eng th  i s  reduced and the  a d d i t i o n a l  bend 
i n  the  ana lyzer  reduces t h e  d i s t a n c e  between t h e  ion  source and the  c o l l e c t o r .  
Another advantage of t h e  90'-90' system is  t h e  s t r u c t u r e  is  i n h e r e n t l y  more 
rugged because i t  i s  more compact. The new geometry does have one disadvantage 
i n  t h a t  a l a r g e r  ana lyzer  magnet i s  needed. 
advantage outweighs t h e  disadvantage of t h e  i n c r e a s e  i n  analyzer  magnet weight .  
The 90°-90' geometry has  several advantages over  
The primary advantage i s  t h a t  t h e  instrument  becomes 
However, t he  s i z e  and s t r u c t u r a l  
The r ad ius  of t h e  e lec t r ic  s e c t o r  w a s  changed t o  1.86 inches  and a d i f f e r e n t  
method of mounting t h e  p l a t e s  w a s  used. 
t o  t h e  ra i ls  wi th  ruby p i n s  as shown i n  F igure  1-1. The previous des ign  i s  
shown i n  F igure  1-2. 
rugged design.  
The two o u t e r  p l a t e s  were match bored 
The modi f ica t ions  made l ead  t o  a more compact and 
A l imi t ed  amount of t e s t i n g  of t he  i o n  source  w a s  performed. 
w e r e  encountered b u t  l a c k  of funds prevented a complete so lu t ion .  The r e s u l t s  
of the  tests are a l s o  presented  i n  t h i s  r epor t .  
Some problems 
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FIGURE 1-1. New Electric Sector Mounting Configuration 
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FIGURE 1-2, Old Method of Mounting Electric Sector 
2. I O N  SOURCE MAGNET 
The i o n  source  design u t i l i z e s  a hollow c y l i n d r i c a l  magnet t o  co l l ima te  t h e  
e l e c t r o n  beam. Elec t rons  e n t e r  through one end, travel t h e  l eng th  of t h e  
c y l i n d r i c a l  magnet and are c o l l e c t e d  a t  the  anode. The previous ion  source 
magnet design u t i l i z e d  a double yoke magnet t o  co l l ima te  t h e  e l e c t r o n s .  
D i f f i c u l t y  w a s  encountered i n  obta in ing  a h igh  enough f i e l d  t o  provide e f f e c t i v e  
co l l imat ion ,  Analysis  showed t h a t  t h e  gap f l u x  d e n s i t y  w a s  only 30 gauss.  
The l a r g e  leakage of t h i s  design and the  l a c k  of a v a i l a b l e  space f o r  a d d i t i o n a l  
magnet material y i e lded  t h i s  low f i e l d  s t r e n g t h  and consequent walking of t h e  
e l e c t r o n  beam i n  t h e  E x B f i e l d .  
had t o  be p laced  o u t s i d e  of t h e  diameter of t h e  c i r c u l a r  r e p e l l e r  which w a s  
used so t h a t  i o n  source  s e a l i n g  could be obtained by us ing  c i r c u l a r  ceramic 
sec t ions .  The d i s t a n c e  between t h e  b a r  magnets w a s  s o  l a r g e  t h a t  t h e  magnetic 
f i e l d  a t  the  c e n t e r  of t he  chamber w a s  due t o  excessive leakage. A new cy- 
l i n d r i c a l  magnet design w a s  decided upon as a s o l u t i o n  t o  t h e  co l l ima t ion  
problems. A drawing of t h e  i o n  source  magnet i s  shown i n  F igure  2-1. 
The b a r  magnets used en t h e  previous i o n  source 
The tubu la r  source  magnet i s  made of a permanent magnet material t h a t  i s  known 
as Cunife. Cunife,  a copper,  n i c k e l ,  i o n  a l l o y ,  w a s  chosen as the  magnetic 
material because of i t s  c l ean  p r o p e r t i e s  i n  a vacuum and i ts  machinabi l i ty .  
The magnet has  magnetic f i e l d  i n t e n s i t y  a t  t h e  knee of t h e  BH curve,  which i s  
about 375 oe r s t eds .  This  va lue  of t h e  f i e l d  i n t e n s i t y  matches t h e  a i r  gap f i e l d ,  
s i n c e  both t h e  magnet and t h e  a i r  gap w i l l  have the  same length .  
forms t h e  w a l l s  of t h e  i o n i z a t i o n  chamber and t h e  i o n  a c c e l e r a t o r .  A r e p e l l e r  
p l a t e  is  extended i n t o  t h e  tubu la r  magnet from t h e  anode end. 
The magnet 
The curva ture  of t he  i o n  a c c e l e r a t o r  produces an ion  r ay  divergence t h a t  is  
p a r t i a l l y  compensated f o r  by t h e  curva ture  of t h e  r e p e l l e r  sur face .  
convergence is  obta ined  by t h e  saddle  l ens .  
Fur ther  
Two s l o t s  are machined i n  t h e  magnet. One s l o t  i s  f o r  t h e  gas t h a t  i s  admit ted 
i n t o  t h e  ion  source.  The o t h e r  s l o t  provides  an exi t  pa th  f o r  t he  newly formed 
ions ,  The a d d i t i o n  of t h e  s l o t s  d e t r a c t s  from t h e  uni formi ty  and magnitude of 
t h e  f i e l d .  A f i e l d  of about 150 gauss w a s  obtained i n  t h e  cen te r  of t h e  magnet. 
T h i s  i s  s u f f i c i e n t  t o  co l l ima te  t h e  e l e c t r o n s  b u t  some movement of the beam of f  
t h e  a x i s  occurred because of t he  s l o t s  i n  t h e  magnet. 
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FIGURE 2-1. Ion Source Magnet 
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3. HEATERS 
The ionization chamber of the ion source is designed to withstand a temperature 
of 250 +5OC. The Task I ion source has three heaters. One heater was mounted 
on each of the following existing ceramic pieces: the lens ceramic ring; the 
repeller ceramic ring; and the inlet ceramic tube. For the Task I1 ion source, 
beryllia ceramics were used to provide the heater supports and the electrical 
isolation necessary tc good thermal conductive paths. The thermal conductivity 
of beryllia is about a factor of ten times that of alumina. 
The heater material is deposited on the ceramic support so that a good thermal 
contact is established. Vacuum evaporation is used to deposit the heater film. 
The heater film was made of chromium because it has a coefficient of thermal 
expansion that will allow a match with the ceramics. 
Heat transfer calculations were made for the Task I ion source which gives the 
expected heater power that would be required to elevate the ionization chamber 
walls to a temperature of 25OoC. 
listed: 
Inlet Tube 
Repeller Ring 
Lens Ring 
TOTAL 
The expected power requirements are as 
Minimum Maximum 
2.3 W 3.3 w 
6.0 W 8.5 W 
- 12.9 W P 18.2 W 
21.2 w 30.0 W 
The maximum power for a ring is expected to be 20 watts. 
supply, the required heater resistance is 40 ohms. 
For a 28 volt power 
Laboratory experiments have shown that the source can be heated to 25OoC 
using 14 watts, 
4. SOURCE MODIFICATION ANALYSIS 
A primary o b j e c t i v e  of t h i s  c o n t r a c t  w a s  t o  modify the  ion  source ,  which w a s  
designed f o r  JPL on a previous  c o n t r a c t ,  so  t h a t  t h e  source  would provide a 
l i n e a r  response a t  a maximum source p re s su re  of 
of 10 t o  140 AMU. 
amperes p e r  t o r r ,  over  t he  complete mass range measured a t  t h e  ana lyzer  c o l l e c t o r .  
The ob jec t  s l i t  i s  t o  have a width of 0.002 inch.  
t o r r ,  over t he  mass range of 
The s e n s i t i v i t y  of t he  source should be  a t  least  1 x lom6 
The design approach used on t h i s  c o n t r a c t  w a s  t o  u t i l i z e  t h e  previous ion  
source design and t o  make s m a l l  modi f ica t ions  t h a t  would produce a performance 
improvement. 
The fol lowing parameters were obtained from the  previous source design:  
1 = d i s t a n c e  between t h e  i o n  r e p e l l e r  and t h e  i o n  a c c e l e r a t o r  ar 
= 0.16 i n  
W = width of t h e  e l e c t r o n  beam 
= 0.050 i n  
i = e l e c t r o n  cu r ren t  i n  t h e  i o n i z a t i o n  chamber 
= 60 UA 
The fol lowing d e f i n i t i o n s  are u s e f u l  f o r  t he  a n a l y s i s  of t h e  e f f e c t s  of space 
charge : 
a = r a t i o  of t h e  d i s t a n c e  between the  e l e c t r o n  beam and the  i o n  accelera- 
t o r  t o  t h e  d i s t a n c e  between the  ion  r e p e l l e r  t o  t h e  ion  a c c e l e r a t o r  
= r a t i o  of t h e  e lectr ical  p o t e n t i a l  between t h e  electrom beam and the  
i o n  a c c e l e r a t o r  t o  t h e  e l e c t r i c a l  p o t e n t i a l  between t h e  i o n  r e p e l l e r  
and t h e  i o n  a c c e l e r a t o r  
i = r a t i o  of t h e  e l e c t r o n  cu r ren t  t o  t h e  r e p e l l e r  vo l t age  
V 
i = t h e  va lue  of i t h a t  depresses  t h e  p o t e n t i a l  of t h e  i o n i z a t i o n  p lane  vo V t o  t h e  p o t e n t i a l  of t h e  i o n  a c c e l e r a t o r  a t  a zero source p re s su re  
Pc = cr i t ica l  p re s su re  
X = r a t i o  of t h e  source  p re s su re  t o  t h e  c r i t i ca l  p re s su re  
= Ps/Pc 
I f  iv/ivo << 1 t h e  p o t e n t i a l  depression can be  represented  by t h e  fol lowing 
l i n e a r  equat ion  
L e t  
a 
a 
0 
= a [ l  + 
= a ( 1  - i / ivo)  
V 
The demagnif icat ion f a c t o r  of t he  e x i t  a p e r t u r e  i s  given by: 
f l  = f o c a l  length  
Where El = electr ical  f i e l d  i n t e n s i t y  on t h e  e x i t  s i d e  of t h e  s l i t  
A= - A G  -
a 
GO 0 
I f  t h e  image of t he  ion  beam a t  t h e  o b j e c t  p lane  is  l a r g e ,  then  a t  t h e  e x i t  s l i t ,  
t h e  v a r i a t i o n  i n  t h e  t r ansmi t t ed  i o n  beam would be equal  t o  t h e  v a r i a t i o n  i n  de- 
magni f ica t ion  f a c t o r .  A one percent  change i n  t h e  p o t e n t i a l  of t he  i o n i z a t i o n  
p lane  would r e s u l t  i n  a one percent  change i n  t h e  t r ansmi t t ed  ion  cu r ren t .  
The critical pressure is given by 
ar P C = 3 ( ~ ~ ~ m ~ / a ~ ~ ~ m ~ ) l / 2  ~ S R  
Where me = mass of the'electron 
m = mass of the ion 
S = ionization probability 
i 
'eR = acceleration potential of the electrons 
= 70 volts 
P = 1.6 x 10 torr 
C 
x = - =  x 
*C 
I- 0.01 60 V i  aM vo 
x x 
c w lo6 
0 - i 
vo gar (1-a) me 
2VeR e 
Where e = electronic charge 
C = permittivity of free space 
0 
i =--- l4 microamperes/volt 
vo 1-a 
The required repeller voltage is given by 
= r26.8 (1-a) 
L e t  a = 0.9 
M = 140 
= 21.6 v o l t s  'ar 
The e l e c t r o n  beam i s  d e f l e c t e d  t o  one s i d e  because of t he  combined f o r c e s  of 
t h e  r e p e l l e r  f i e l d  and t h e  magnetic f i e l d .  The d e f l e c t i o n  angle ,  52, i s  
given by : 
vaM t a d  = 
= 0.035 
n = 2 O  
The sl i ts  i n  t h e  i o n  f o c a l  system are r o t a t e d  two degrees  so  t h a t  they  are 
a l igned  wi th  t h e  e l e c t r o n  beam, The e l e c t r o n  en t r ance  a p e r t u r e  is  o f f s e t  s o  
t h a t  t h e  s l i ts  can be centered.  The e l e c t r o n  en t r ance  a p e r t u r e  i s  given by: 
'rM = - = t ann  
O.S. 2 Y 
Where R r  = l eng th  of t h e  r e p e l l e r  
= 0.46 inch  
= 0.08 inch  
O . S .  
Y 
The mass d i sc r imina t ion  t h a t  occurs  i n  t h e  source i s  cha rac t e r i zed  by a de- 
f l e c t i o n  i n  t h e  Y d i r e c t i o n  t h a t  is  given by: 
Yl = - 1 29 
3 'ab 2Bs d V a b  m i 
Where Y1 = d e f l e c t i o n  a t  the  ion  a c c e l e r a t o r  
= d i s t a n c e  between the  i o n  a c c e l e r a t o r  and t h e  ion  beam ' ab 
q = i o n i c  charge 
The deflection of one mass can be compensated for by the electrostatic deflection 
of the split lens; however, the difference in the deflection for ions that have 
masses which are located at the extremes of the mass range cannot be compensated 
for, This difference is given by: 
_e__ 
AY = - 13 'ab 2Bs d V a b  24 [& - 1 i,l i,2 
= 3.9 inch 
If the image size is less than the object slit size, the sensitivity would be 
greatly reduced on one end of the mass scan range because of the source mass dis- 
crimination. The variation in sensitivity would be less severe if the image 
size is greater than object slit size, but the overall sensitivity would be 
reduced. 
The repeller voltage cannot be scanned with the ion acceleration voltage because 
of the electron beam deflection. With such a large fixed voltage, a uniform ion 
focus over the mass scan range would be impossible. For this reason, a saddle 
lens is used to reduce the velocity of the ions after they leave the ionization 
chamber and the magnetic field. 
approximately four electron volts as they enter the ion focusing system. 
This lens will reduce the energy of the ions to 
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5. ANALYZER GEOMETRY 
The previous JPL instrument had a 90° electric sector and a 60' magnetic sector. 
This configuration was modified to a 90' electric sector -90' magnetic sector 
utilizing the following nominal dimensions: 
= 1.50 in 
= 1.86 in 
= 0.652 in 
Rm 
Re 
Magnetic Sector Radius 
Electric Sector Radius 
Electric Sector Object 
and Image Distance 
1 1 = 1  e e 
= 2.217 in 1 m Magnetic Sector Object 1 Distance 
Magnetic Sector Image 1 m l1 = 1.018 in 
Magnetic Sector Angle 
Electric Sector Angle 
= goo 
= goo 
'm 
'e 
0 0  The 90'-90' configuration has the advantages over the 90 -60 
that the object distance becomes shorter. A disadvantage occurs in that a larger 
magnet is used, 
configuration in 
A layout of the instrument is shown in Figure 5-1. 
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6. I O N  SOURCE TESTING 
The ion  source  design u t i l i z e d  a new method of co l l ima t ing  the  e l e c t r o n s .  
A c y l i n d r i c a l  magnet of cun i f e  co l l ima tes  the  e l e c t r o n s  and a l s o  provides  t h e  
chamber i n  which the  ions  are formed. The cy l inde r  has  two openings on two 
s i d e s .  The gas molecule e n t e r s  through one h o l e  and t h e  i o n s  e x i t  through 
t h e  o the r  ho le .  The primary problem encountered i n  t e s t i n g  w a s  t h a t  the  e l e c t r o n s  
would d r i f t  t o  one s i d e  and c o l l e c t  on t h e  ion  chamber. 
The ion  source  c y l i n d r i c a l  magnet i s  shown i n  Figure 2-1. The axial  magnetic 
f i e l d  w a s  p l o t t e d  and i s  shown i n  F igure  6-1. During t h e  i n i t i a l  test phases 
d i f f i c u l t y  occurred i n  a l i g n i n g  t h e  f i lament  i n  the  c o r r e c t  p o s i t i o n  above 
t h e  e l e c t r o n  en t rance  ape r tu re .  I n i t i a l  tests show t h a t  t he  spo t  bu rn t  on 
t h e  e l e c t r o n  en t rance  a p e r t u r e  p l a t e  w a s  no t  a l igned  over t h e  a p e r t u r e  because 
t h e  f i lament  w a s  b e n t ,  
The e l e c t r o n  gun e l e c t r o d e s  were f a b r i c a t e d  of magnetic s t a i n l e s s  steel  so  
t h a t  t he  e l e c t r o n  beam would be sh i e lded  from t h e  magnetic f i e l d  whi le  i t  was 
i n  the  e l e c t r o n  gun. This would, i n  theory ,  a l low t h e  e l e c t r o n  beam t o  be 
focused by e l e c t r o s t a t i c  f i e l d s  thereby l ead ing  t o  a more i n t e n s e  beam. 
I n  a l l  cases less than  25 percent  of t h e  e l e c t r o n  beam entered  t h e  i o n i z a t i o n  
chamber. The poor t ransmiss ion  of t he  e l e c t r o n  beam and the  bending of t h e  
f i lament  i nd ica t ed  t h a t  t h e r e  w a s  s u f f i c i e n t  magnetic f i e l d  i n  the  e l e c t r o n  
gun reg ion  t o  cause undes i rab le  e f f e c t s  upon t h e  e l e c t r o n  beam focusing as 
w e l l  as d e f l e c t i o n  of t h e  f i lament .  L i t t l e  t i m e  w a s  used i n  t r y i n g  t o  c o r r e c t  
t h i s  problem. It w a s  decided t h a t  worthwhile tests could be run even wi th  t h e  
f i lament  no t  a l igned .  Tes t ing  w a s  continued t o  determine i f  t ransmiss ion  of 
t he  e l e c t r o n  beam occurred through t h e  i n t e r i o r  of t h e  b a r  magnet t o  the  anode. 
The e l e c t r o n  en t r ance  a p e r t u r e  w a s  o f f s e t  0.008 inch  from t h e  e x i t  a p e r t u r e  
t o  the  anode i n  o rde r  t o  a l low f o r  some d e f l e c t i o n  of t h e  beam i n  t h e  E x B f i e l d .  
The e l e c t r o n  en t rance  a p e r t u r e  had a c r o s s  s e c t i o n a l  dimension of 0.010 x 0.0 
whi le  t h e  a p e r t u r e  a l lowing e x i t  t o  t h e  anode had dimensions of 0.014 x 0.093 
inch.  The l eng ths  of t h e s e  two a p e r t u r e s  w e r e  ad jus t ed  s o  t h a t  i n  combination 
wi th  t h e  i o n  e x i t  a p e r t u r e  they would have a t o t a l  conductance of 50 cc/sec 
f o r  n i t rogen .  I n i t i a l  tests of t h e  t ransmiss ion  through t h e s e  a p e r t u r e s  showed 
t h a t  e s s e n t i a l l y  more of t h e  e l e c t r o n  beam cur ren t  w a s  reaching t h e  anode. 
Adjustment of t he  r epe l l e r - acce le ra to r  f i e l d  provided no improvement. The 
uniformity of t h e  magnetic f i e l d  w a s  immediately suspected.  
Tests were run wi th  r e p e l l e r  and anode adapter  removed, 
where t h e  e l e c t r o n  beam w a s  going as a r e s u l t  of t h e  magnetic f i e l d  only.  A 
t a r g e t  w a s  added on which t h e  e l e c t r o n  beam could burn a spot .  The e l e c t r o n  
This  test  determined 
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beam made a s p o t  on t h e  t a r g e t  p l a t e  i n  the  lower r i g h t  hand corner  p o s i t i o n  
of t h e  opening t o  t h e  anode i n d i c a t i n g  t h a t  some d i s t o r t i o n  e x i s t e d  i n  t h e  
magnetic f i e l d .  
Next t he  source  magnet w a s  removed and replaced by t h e  c y l i n d r i c a l  magnet 
without  t h e  gas en t rance  h o l e  o r  i o n  e x i t  s l i t .  
good, The s p o t  w a s  i n  t h e  cen te r  a t  the  anode s l i t  opening. 
The new p a t t e r n  rece ived  w a s  
This  r e s u l t  i nd ica t ed  t h a t  t h e  s l o t s  i n  t h e  magnet w e r e  causing t h e  problem. 
The f i e l d  l i n e s  i n s i d e  t h e  s l o t t e d  cy l inde r  w e r e  no t  s t r a i g h t  bu t  curved i n  
t h e  middle of t h e  magnet. These curved f i e l d  l i n e s  allowed t h e  e l e c t r o n s  t o  
h i t  one s i d e  of t he  r e p e l l e r  and n o t  be  co l l ec t ed .  This  w a s  confirmed by 
d i r e c t  measurement of t h e  magnetic f i e l d  wi th  a gauss meter. 
Severa l  modi f ica t ions  w e r e  t r i e d  i n  an at tempt  t o  improve t h e  e l e c t r o n  beam 
t ransmiss ion  t o  t h e  anode. F i r s t ,  t h e  gas en t rance  w a s  modified s o  t h a t  t h e  
h o l e  i n  t h e  r e p e l l e r  s i d e  of t he  magnet could be  e l imina ted  and thereby 
improve t h e  uniformity of t h e  f i e l d  along the  pa ths  of t he  e l e c t r o n  beam. 
However, t h i s  w a s  n o t  confirmed during t ransmission tests. Next, a magnet 
wi th  equal  s i z e d  s l o t s  f o r  t he  gas en t rance  and ion  e x i t  w a s  t r i e d  i n  an 
at tempt  t o  o b t a i n  a more uniform and symmetrical f i e l d  d i s t r i b u t i o n .  Again, 
t he  r e s u l t s  w e r e  nega t ive ,  t he  e l e c t r o n  beam w a s  found t o  h i t  t h e  o u t e r  edge 
of t h e  anode t a r g e t .  Severa l  tests were run  charging the  magnet t o  determine 
i f  t h i s  had a s i g n i f i c a n t  e f f e c t  upon f i e l d  uniformity.  Using a charging c o i l  
could poss ib ly  be  causing nonuniformity and, t h e r e f o r e ,  a technique was  t r i e d  
i n  which a l a r g e r  permanent magnet w a s  used t o  charge t h e  s m a l l  ion  source magnet 
wi th  a n o t i c e a b l e  improvement. 
A t t en t ion  was  then d i r e c t e d  t o  another  area. 
material and e f f e c t i v e l y  formed one of t h e  po le  p i eces  of t he  magnet assembly. 
Since t h e  anode had t o  be  e l e c t r i c a l l y  i s o l a t e d  from t h e  magnet, a ceramic 
spacer  w a s  employed. This  prevented good magnetic coupl ing between the  anode 
and t h e  magnet. Test r e s u l t s  i nd ica t ed  t h a t  t he  e l e c t r o n  beam w a s  be ing  
de f l ec t ed  as i t  approached t h e  anode and t h a t  f i e l d  d i s t o r t i o n  w a s  c r ea t ed  by 
t h e  improper coupl ing of t h e  anode and b a r  magnet. 
w a s  rep laced  by one of barium f e r r i t e .  
t r o s t a t i c  i n s u l a t i o n  whi le  having a high permeabi l i ty  f o r  good magnetic coupling. 
I n  s p i t e  of t h e  expected improvement, none was observed. 
The anode w a s  made of magnetic 
The alumina ceramic spacer  
This  material gave t h e  necessary elec- 
Another source  of d i f f i c u l t y  w a s  discovered whi le  reassembling the  i o n  source.  
The r e p e l l e r - e l e c t r o d e  w a s  found t o  e x h i b i t  some r e s i d u a l  magnetism which w a s  
probably a con t r ibu t ing  f a c t o r  t o  t h e  inadequate  co l l ima t ion  of t h e  e l e c t r o n  
beam. Not only w a s  t h i s  a p o s s i b l e  source of degrada t ion ,  b u t  it a l s o  ind ica t ed  
t h a t  t h e  p a r t  had a permeabi l i ty  g r e a t e r  than  t h a t  of a i r .  
a r e d i s t r i b u t i o n  of t h e  magnetic f i e l d  when t h e  r e p e l l e r  w a s  placed i n s i d e  of 
t h e  magnet. 
f a b r i c a t e d  of 304 s t a i n l e s s  s teel  which can become magnetized t o  a s i g n i f i c a n t  
degree by cold working. 
been cold worked s u f f i c i e n t l y  t o  cause t h e  magnetic p r o p e r t i e s .  
p i eces  were s e n t  ou t  f o r  h e a t  t r e a t i n g  b u t  f u r t h e r  t e s t i n g  w a s  precluded due 
t o  funding l i m i t a t i o n s .  I n v e s t i g a t i o n  of t h e  cold working problem showed t h a t  
316 s t a i n l e s s  steel  and Carpenter  No. 10  maintain t h e i r  nonmagnetic p r o p e r t i e s  
much b e t t e r  than  304 s t a i n l e s s  steel  and, t h e r e f o r e ,  t h e s e  materials are re- 
commended f o r  f u r t h e r  a p p l i c a t i o n s  when nonmagnetic materials are requi red .  
This  would l e a d  t o  
The r e p e l l e r  and o t h e r  supposedly nonmagnetic e l e c t r o d e s  were 
Evident ly ,  during t h e  machining of t he  p a r t  i t  had 
The magnetic 
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7. CONCLUSIONS 
The effort carried on under JPL Contract 952424 led to the development of a 
prototype mass spectrometer for application in the soil analysis experiment 
on the Viking Lander. Difficulties encountered during the experimentel phase 
of the effort precluded the verification of specific performance parameters. 
A limitation in the funding prevented the completion of the necessary design 
modifications which would have led to a successful instrument. The difficulty 
of designing a uniform magnetic field in a region with a closely spaced 
magnetic field in a region with a closely spaced magnetic circuit of com- 
paragle dimensions was the primary cause of the delay in achieving full test 
results. Continued modification and testing at JPL has led to the successful 
resolution of the problems which have been discussed. 
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